Five broth media and two solid media were compared for their ability to quantitatively recover total coliform bacteria from chemically treated water. M-Endo LES and mT7 media were used in the membrane filter technique. Lauryl tryptose broth, lactose broth, presence-absence broth, lactose broth with twice the amount of lactose, and lauryl tryptose broth with twice the amount of sodium lauryl sulfate were used in the fermentation tube procedure. The differences in recovery were not significant for the five broth media and M-Endo LES agar. The M-Endo LES and mT7 media were not significantly different; however, the five broth media did yield significantly higher counts than mT7.
The suitability of various media used to enumerate total coliform bacteria for drinking water analysis has become a matter of increasing concern. Recent research findings indicate that the presence-absence (PA) broth medium (1) may be more sensitive than M-Endo broth in the standard membrane filter (MF) technique or lauryl tryptose broth in the fermentation tube (FT) procedure for detecting coliform bacteria (5) . Other investigators have reported no significant difference in detection between the PA broth and M-Endo LES agar in the membrane filter technique (9) . It has also been suggested that M-Endo LES agar is inadequate for the detection of stressed or injured coliform organisms (8) . Medium ingredients which have been implicated in affecting recovery efficiency include lactose (3, 5) and various surfactants (6) .
This study was designed to compare the recovery of total coliform bacteria in standard and modified media in the examination of chemically treated water derived from a pilot drinking water treatment plant. Comparisons were done for the actual number of coliforms recovered by the various media as opposed to similar studies in which recovery efficiencies were determined by comparison of the number of positive and negative samples (5, 9) . To facilitate this approach the PA broth was used in appropriate concentrations in an FT procedure.
MATERIALS AND METHODS Microbiological analyses. Standard broth media used in the FIT procedure included lauryl tryptose broth (LTB; Difco Laboratories) and lactose broth (LB; Difco) (1) . The PA broth, prepared from individual ingredients (1), was also used in an FT procedure with 2x and 1x concentrations rather than the 3x concentration used in the qualitative procedure. Modifications of the broth media included a medium designated LTBM, which contained twice the amount of sodium lauryl sulfate (0.2 mg/liter) found in LTB, and a medium designated LBM, which contained twice the amount of lactose (10 g/liter) found in LB. These modifications were made to determine the effect of increased concentrations of a surfactant and of lactose on coliform recov-* Corresponding author.
ery. The standard M-Endo LES agar (Difco) (1) was used in the MF technique. The mT7 medium (Difco) (6), designed specifically for the recovery of stressed coliforms, was also used in the MF technique. To make the mT7 medium more selective, pencillin G (1 ,ug/ml) was added aseptically to the tempered medium after autoclaving, as specified by the manufacturer. Heterotroph plate counts were determined by the pour plate method with plate count agar (Difco) (1) .
A 10-tube, three-dilution series FT procedure were used with all broth media, with each tube receiving 10 ml of sample in the first dilution series, 1 ml in the second series, and 0.1 ml in the third series. The FT confirmation procedure was carried out by transferring all positive tubes (gas production within 24 to 48 h) to brilliant green bile broth (Difco) to test for gas production within 48 h at 35°C (1).
Sample volumes of 100 ml were examined in replicates of three for the MF technique. Standard verification procedures for the MF technique (1) were used for the target green-metallic-sheen colonies on M-Endo LES agar and the yellow target colonies on mT7 agar.
Samples. Samples were obtained from the Drinking Water Research Division pilot plant system. This system has been described in detail by Logsdon et al. (7) . Ohio River water was trucked to the pilot plant system and spiked with raw municipal sewage at a concentration of 1 to 1,000 (vol/vol). The 2-gallon/min (ca. 7.6-liter/min) pilot plant was operated with a 2-min rapid mix and 20-min flocculation, followed by filtration through a dual-medium (sand-anthracite) filter at a filtration rate of 4 gallons/min per ft2 (gpm/ft2). The settling basin was bypassed to emphasize the filtration process and to increase the number of bacteria in the product water. Alum was used as a coagulant and was added in the first rapid-mix chamber. Alum 14 , the disinfectant was neutralized 90 min after collection, and in experiment 15, it was neutralized 105 min after collection. Prior to neutralization, samples were analyzed for free and combined chlorine by the N,N-diethyl-pphenylenediamine method (1) .
The overall treatment process was monitored at two locations for turbidity and three locations for total coliform bacteria by the MF technique with M-Endo LES agar. The mean turbidity for the raw source water was 3.8 NTU, ranging from 2.0 to 6.4 NTU. The filter effluent turbidity averaged 0.20 NTU, with a range of 0.14 to 0.34 NTU. The mean log coliform count averaged 4.80 in the source water, 4.40 in the flocculated water, and 1.6 in the filter effluent water, indicating a 3.20 mean log reduction during treatment.
Statistical comparisons. Statistical analysis of the data was accomplished by comparing recovery with the seven media by an analysis of variance (ANOVA) (2) . Differences in recovery were identified by the Tukey multiple comparison procedure (2) . The five broth media were also compared by the number of positive tubes. The nonparametric KruskalWallis test (4) was used in this comparison.
RESULTS AND DISCUSSION
The primary objective of this study was to quantitatively cQmpare the recovery of total coliform bacteria in seven selective media. The number of coliforms recovered by each medium, the heterotroph plate count, and the level of disinfectant present in each sample for the 15 experiments are listed in Table 1 . Monochloramine was the only species of chlorine detected in the samples. The three replicates for each of the two MF media (M-Endo LES and mT7) were averaged and treated as one count.
The confirmed FT counts, based on the most-probablenumber value and verified MF counts, were log10 transformed (Table 2) to meet the normality assumptions of the ANOVA. A one-factor ANOVA of the transformed counts indicated significant differences in recovery among the seven media (F = 4.27, P = 0.0007). Tukey's multiple comparison (alpha = 0.05) was used to investigate these differences. There were no significant differences in the means for the five broth mcdia and M-Endo LES agar, and M-Endo LES agar and mT7 agar were not significantly different from each other. The five broth media did, however, yield significantly higher counts than mT7. The five broth media were also compared for the number of positive confirmed tubes with the most-probable-number value. All thirty tubes used for each medium were included in the comparison. The normality assumption was not met, so the nonparametric KruskalWallis test was used and indicated no differences among the media (X2 = 1.80; P = 0.7729), agreeing with the quantitative results from the ANOVA.
The verification or confirmation efficiencies of the selective media (Table 2) were also analyzed. The Kruskal-Wallis test was used because the data were not normally distributed and several transformations did not correct this problem. The Kruskal-Wallis test indicated significant differences in percent verification (X2 = 22.05, P = 0.0012). A multiple comparison based on ranks indicated that the verification frequency of the LTB medium was significantly higher than those of the two MF media, which were not different from The effect of the total heterotrophic bacterial population in the water samples on the recovery of coliforms for the seven selective media was also examined. Recovery in the various media was not significantly correlated with the heterotrophic bacterial levels. All of the Spearman correlation coefficients (4) were less than the 0.43, where 0 indicates no correlation and 1.0 indicates perfect correlation. On a qualitative basis, there were no apparent differences in the ease of determining positive tubes for any of the broth media. The mT7 medium presented the greatest difficulty in counting. Plates were frequently inundated with excessive background growth, compared with the relatively small amounts of background growth observed on the M-Endo LES medium.
These results indicate, for the type of chemically treated water analyzed, that there is no apparent difference in recovery with PA broth or standard M-Endo LES agar in the MF technique or standard LTB or LB media used in the FT procedure. The mT7 medium did not recover significantly greater numbers of coliforms. The twofold increase in the surfactant concentration seen in the LTBM medium did not adversely affect recovery, nor did the twofold increase in lactose concentration in the LBM medium significantly enhance recovery. These findings are in agreement with those recently reported by Pipes et al. (9) j which show the PA procedure to be equivalent to the MF technique with M-Endo LES agar.
